Introduction
Cerebrovascular diseases causes many deaths each year. One form of cerebrovascular disease is the cerebovascular aneurysm. This occurs when a dilation or pouching of the arterial wall develops at a diseased site along the wall into a distended sac of stressed arterial tissue. Fully developed cerebral aneurysms are typically 5 to 10 mm in diameter. One can understand why cerebrovascular diseases occur and why cerebral aneurysms develop by applying physical principles related to the flow of liquids through pipes.
The Physics of Cerebral Aneurysms (Physics Today, February 1995)
In this experiment, we are going to explore the factors which determine the flow of water through a narrow length of glass tubing. The water flow is controlled by adjusting an inlet value which connects the glass tube to a water storage tank. From your measurements you will be able test Poiseuille's Law, find Reynolds' number and the viscosity of water and state whether the water flow is streamline (laminar) or turbulent. You will then be able to use this knowledge to better understand the causes of cerebrovascular disease.
Physics Background
Read sections 16-3, 16-4, 16-5, 16-8, 16-9, 16-10 and 16-12 in your textbook (HRW). Your textbook does not cover topics on Poiseuille's Equation, viscosity, turbulent flow and Reynolds' number. You will need to consult other references.
A manometer is a stationary column of liquid in a vertical tube used to measure the fluid pressure at its base. The fluid pressure at its base is proportional to the height of the liquid column supported P = ρ g h P pressure at the base of the manometer, in pascals (Pa)
For the flow of real fluids there is a frictional force between the layers of the fluid in streamline flow. This frictional resistance is referred to as the viscosity. The coefficient of viscosity of a fluid η (Pa.s) is used to specify the viscosity of a fluid. It is temperature sensitive, with the coefficient of viscosity decreasing with an increase in temperature (for example, honey). A fluid flows from a region of higher pressure to low pressure. That is, a pressure gradient is responsible for the flow of a fluid between two regions. Consider a cylindrical tube of length L and radius r. Liquid enters one end at pressure P 1 and leaves the other end at pressure P 2 . If the flow is steady with the streamlines parallel to the sides of the tube then the volume flow rate can be described reasonably well by Poiseuille's equation. Poiseuille first used this equation to measure the viscosity of blood in horses' arteries.
In the liquid flow apparatus, water flows through a horizontal cylindrical glass capillary tube from a water storage tank. A manometer measures the pressure difference between the ends of the glass tube ρgh = (P 1 -P 2 ). Therefore, the volume flow rate Q is proportional to the manometer reading h. However, as water enters the glass capillary tube from an input vessel, there is an increase in the velocity of the flow. We have to correct for this effect . This is done by using a corrected height h c (see Appendix for details). Using the corrected height h c , the volume flow rate is given by the equation
.
π If the flow is steady and stable, work is only done in overcoming the viscosity and the work leads to an increase in temperature. If however, the velocity of flow is too high or there are other unfavourable features, a series of vortices (eddies) may develop in the liquid as the streamlines break up. Some of the work is expended in providing kinetic energy for the vortices. A condition for turbulence was first established by Reynolds. For a liquid, there is a critical velocity at which orderly streamline flow changes to turbulent motion. The type of flow is partially specified by a dimensionless number , now called Reynolds' number R. The transition from streamline motion to turbulent motion occurs when its value is around 2000. If R < 2000, the flow is usually streamline, but if R > 2000, the flow maybe turbulent. The definition of the Reynolds' number is
where v avg is the average velocity of flow and d is some lateral dimension. Applying it to our water flow apparatus, the Reynolds' number is given by (see Appendix for more details)
In this experiment, we can measure the viscosity of water, Reynolds' number for different volume flow rates and determine the critical volume flow rate for the transition from streamline to turbulent flow.
Apparatus
In the liquid flow apparatus, water flows through a horizontal glass capillary tube from an input vessel supplied from a water storage tank which provides a constant pressure to the capillary tube. The storage tank is fitted with a water inlet from a tap and an overflow outlet. You will have to constantly adjust the tap controlling the inflow of water to the storage tank to maintain a constant, bubbly flow through the over-flow outlet. Attached to the side of the storage tank is a glass water level indicator. Keep the water level so that it remains about 10 mm from the top of the water level indicator.
To attach a glass capillary tube to the input vessel you must first empty the input vessel: Close the inlet valve A connecting the storage tank to the inlet vessel. You have to make sure that the input vessel was completely filled with water, leaving no air pockets.
Adjust the glass capillary tube so that it is horizontal (level).
A manometer is connected to the input vessel to measure the pressure difference between the ends of the capillary tube. The height h of the manometer is read from the metre rule. You will have to measure a zero height reading h o when the water is not flowing through the tube. This value will have to be subtracted from your measurements of h.
The temperature of the water is measured using a thermometer inserted into the input vessel.
The flow rate through the tube is controlled by adjusting the inlet valve A. A stopwatch, beaker, measuring cylinder and funnel are used to measure the volume flow rate. Place a rubber washer near the end of the capillary tube to prevent water from flowing back along the outside of the tube. 
Be careful in converting non SI units to SI units. The most efficient way to do the analysis is to enter your data, do the calculations and plot the graph in a spreadsheet.
Analysis questions

1
From your plot of Q vs h c , what is the range for the volume flow rate and corrected height for streamline flow and turbulent flow? What are the critical valves and uncertainties for the volume flow rate and corrected height? 2 Analysing only the data for streamline flow, find the viscosity of water and its uncertainty (η ± ∆η). 3
From the viscosity data in the appendix, determine the viscosity of water and its uncertainty (η ± ∆η). 4
Compare and comment on the ranges for your viscosities determined in questions 2 and 3. 5
Determine Reynolds' number (s.f.) for streamline flow, transition region and turbulent flow. Compare and comment on these values with the expected valves discussed in the Physics background section. Bernoulli's Principle is a statement of conservation of mechanical energy applied to a moving non viscous fluid in which there is a steady streamline flow. For a horizontal tube, Bernoulli's equation is
APPENDIX
When the fluid flows faster, its kinetic energy (½ρv 2 ) increases and the potential energy due to pressure (P) must decrease. In this case the streamlines are drawn closer together to indicate faster flow.
In the apparatus, the water enters the glass capillary tube from the inlet vessel. In this transfer, the water is accelerated from a very low speed to a speed v. Using Bernoulli's Principle, the increase in speed must be associated with a pressure drop
Bernoulli's Principle applies only to non viscous fluids. Water is viscous, and therefore, we have to a correction for it. For the liquid flow apparatus, this is very simple to do, the pressure drop becomes
where v now represents the average velocity across the width of the tube. We can now modify the expression for the volume flow rate to correct for the pressure drop at the entrance to the glass capillary tube. Poiseuille's equation becomes
A pressure difference can be expressed in terms of the height of a manometer. In the apparatus, the manometer measures the pressure difference (P 1 -P 2 ). The pressure drop ∆P can be determined from the volume flow rate and applying the equation of continuity. 
